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PROPERTIES OF A MONOCLONAL ANTIBODY 
INTERACTING WITH HUMAN SPERM 


YUAN CHANG YAN, LIN FANG WANG, and S. S. KOIDE 


A monoclonal antibody (MAB) interacting with human sperm was purified by ammonium sulfate 
fractionation and gel filtration on Sephadex G-200. The MAB designated as YWK-II belongs to the 
IgM class and is composed of » heavy chains and «x light chains. The MAB localized to the equatorial 
region of the sperm head, midpiece, and tail. The sperm antigen interacting with the YWK-II MAB 
was purified by immunoaffinity chromatography on Sepharose 4B conjugated with YWK-II antibodies. 
Two interacting proteins, estimated Mr of 60 and 72 kD, were identified. 


Key Words: Human sperm; Monoclonal antibodies; Immunologic infertility; Sperm agglutination. 


INTRODUCTION 


Antisperm antibodies have been implicated in immunologic infertility [1, 4, 8-10, 12, 15, 
18, 22, 24, 30, 31, 34, 37]. The antibodies involved are those that induce sperm agglutination 
and/or immobilization [19, 21]. Although these antibodies are found in the sera, cervical fluid, 
and seminal plasma obtained from individuals with immunologic infertility, the titers are 
variable and a cause and effect relationship has not been established. These antibodies prob- 
ably act by impeding sperm migration through the cervical mucus and vaginal or uterine 
passages and interfering with sperm-egg interaction (fertilization) [3, 6, 7, 13, 23, 31, 32]. 

To resolve the issue that the production of a specific antisperm antibody can cause immuno- 
logic infertility, the sperm antigen needs to be identified, purified, characterized, and shown to 
cause infertility after inoculation into an appropriate host animal [29, 38]. The present study 
was carried out to characterize a monoclonal antibody (MAB) that induces sperm agglutination 
and to identify the interacting sperm antigen. 


MATERIALS AND METHODS 


Methods of preparation of human sperm membrane proteins (HSMP), MABs, cloning of the hybri- 
doma cells, and production of ascitic fluid were described in a previous publication [39]. 


Measurement of Sperm Agglutinating Activity. Sperm agglutinating activity was determined by the 
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microtray test as described by Marmar et al. [27]. YWK-II ascitic fluid and SP 2/0 ascitic fluid (control 
cells) were serially diluted from 1:10 to 1:2430. Sperm concentration was determined by counting in a 
hemocytometer. Fresh semen was diluted with Baker’s buffer pH 7.8, to a final count of 4 x 10’ 
spermatozoa and used immediately. The diluted samples (Syl) were mixed with | pl of sperm suspension 
in a well of a tissue culture plate overlayered with paraffin oil. The plate was incubated at 37°C for 90 
min and examined under an inverted microscope for agglutination of sperm. 


Identification of Class and Subclass of YWK-II Immunoglobins. A. Determination of immunoglobu- 
lin class by double diffusion assay. Puritied immunoglobulins isolated from the medium of cultured 
YWK-II cells were analyzed in a | %-agarose Ouchterlony plate with antibodies raised against the 
various classes of immunoglobulins. Purified YWK-II immunoglobulin solution (2041) was placed in the 
center well. The peripheral wells contained 20 ul each of the following antisera: (1) goat antimouse IgM; 
(2) goat antimouse IgM, diluted 1:10; (3) goat antimouse IgG; (4) goat antimouse IgG, diluted 1:10; (5) 
goat antimouse IgA; (6) goat antimouse IgA, diluted 1:10. 

B. Determination of subclass of Ig by enzyme-linked immunosorbent assay (ELISA). The assay system 
is described in our previous paper [40]. In summary, wells of a microtiter plate were coated with 5 ug of 
sperm membrane proteins. The plates were incubated with YWK-II immunoglobulin at ambient temper- 
ature for 2 h. After blocking with a solution of 1% BSA and washing, rabbit antibodies raised against the 
various subclasses of mouse heavy and light chains were added. After 2 h of incubation, peroxidase- 
conjugated goat antirabbit IgG antibody was added. After incubation for 3 h, ARTS HO. solution was 
added. The plate was incubated for 30 min and the absorbance measured at 409 nm in a Bio-Tek 
Microplate Reader. 


Purification of YWK-II MAB. The immunoglobulins obtained from the medium of cultured YWK-II 
cells were fractionated by a 3.5M ammonium sulfate precipitation and by gel filtration on a Sephadex G- 
200 column. Fractions of 2 ml were coilected at a flow rate of 12 ml/h. Absorbance of each tube was 
measured at 280 nm. All procedures were performed at 4°C. 


Sodium Dodecyl Sulfate Polyacrylamide Electrophoresis (SDS PAGE). The procedure described by 
Laemmli [25] was followed. Samples of partially purified immunoglobulins were heated at 100°C for 5 
min in 2% SDS and 5% mercaptoethanol (v/v). Untreated samples were run on the same slab gel. 
Stacking and separating gels composed of 5% and 12.6% acrylamide, respectively, were used. Proteins 
were strained with silver reagent. 


Immunoblotting Analysis. Method described by Towbin et al. [36] was followed. 


Preparation of Sepharose 4B Conjugated with YWK-H MAB. CNBr-activated Sepharose 4B (0.5 g) 
(Pharmacia) was washed and suspended in 0.1 M NaHC0;, 0.5 M NaCl, pH 8.3, and mixed with 3 ml of 
YWK-II ascitic fluid. The mixture was rotated end-over-end at 28°C for 1 h, then stored overnight at 
4°C. and poured into a column (0.9 x 1.8 cm). The Sepharose column was washed with the following 
media sequentially: 1 M Tris-HCl buffer, pH 9.0; 0.1 M acetate buffer, 1 M NaCl, pH 4.0; 0.1 M borate 
buffer, 1 M NaCl, pH 8.0; repeated washing with acetate and borate buffer twice; finally, 0.15 M NaCl, 
0.01 M PBS buffer, pH 7.4. 


immunoaffinity Chromatography. A sample of HSMP (3 mg) dissolved in 0.15 M NaCl, 0.01 M 
PBS buffer, pH 7.4. was applied to the column containing 0.5 g of Sepharose 4B conjugated with the 
YWK-II antibodies and stored overnight at 4°C. The column was eluted with PBS buffer, followed with 
3.5 M KI. Fractions of 1 ml/tube were collected at a flow rate of 6 ml/h. 


Sperm Penetration of Zona-Free Hamster Egg Assay. Semen samples from normal fertile donors 
were left to liquify, standing at 37°C for 30 min. The motile sperm were centrifuged at 500 x g for 5 
min and washed three times by suspensions in Biggers, Whitten, and Whittingham’s medium (BWW) 
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[5]. Aliquots of the sperm suspension were incubated at 37°C in a 5% CO, atmosphere for 2 h to permit 
capacitation to occur. The sperm were counted in a hemocytometer and the suspension adjusted to 
1 x 10’ sperm/ml. 

Sexually mature (8-20 weeks old) golden hamsters were injected intraperitoneally with 40 iu of 
pregnant mare’s serum and then 40 iu of hCG 48 h later. The hamsters were sacrificed 16 h after the last 
injection by cervical dislocation. The egg masses were dissected out and treated with 0.1% hyaluroni- 
dase for 15 min and 0.1% trypsin for 1 min to remove the cumulus and zona. The eggs were placed in a 
drop of BWW medium in a 35-mm Pertri dish and overlayered with sterile paraffin oil. 

Aliquots (20 yl) of the incubated sperm suspensions were mixed with 5 ul of MAB ascitic fluid, 
control SP 2/0 ascitic fluid or medium. After 10 min the sperm suspensions were transferred to the 
dishes containing 10 eggs under oil and the dishes incubated at 37°C in a CO, incubator. Ovum penetra- 
tion was measured at 3 h by examination under an inverted microscope and scored by the formation of 
pronuclei. 


RESULTS 
Sperm Agglutinating Activity of YWK-I MAB 


The YWK-II ascitic fluid (1:30 dilution) was added to a suspension of human sperm. 
Sperm agglutination of a mixed type was elicited (Fig. 1). 


Immunolocalization of YWK-II Antibody on Human Sperm 


Localization of the YWK-II antibodies on human sperm was demonstrated by an indirect 
immunofluorescence method. Intense staining occurred over the equatorial region of the head, 
midpiece, and tail (Fig. 2). 


Interaction of YWK-II MAB with Sperm Proteins 


The interaction of YWK-II ascitic fluid with human sperm proteins was assayed by the 
ELISA method. Positive reaction was obtained with ascitic fluid diluted 1:900. 


Electrophoretic Separation of YWK-II Immunoglobulins 


The culture medium containing YWK-II cells was collected and fractionated by precip- 
itation with ammonium sulfate and by gel filtration on a Sephadex G-200 column. The 
purified YWK-II MAB was analyzed by SDS PAGE under reduced and nonreduced conditions 
(data not shown). The purified YWK-H MAB migrated under nonreduced conditions as a 
single band with an estimated Mr exceeding 900 kD. When the purified MAB was analyzed 
under reduced conditions, three major bands corresponding to the heavy and light chains and 
2u2x chains of IgM were found with estimated Mr of 75, 22, and approximately 220 kD, 
respectively. 


Identification of Class and Subclass of YWK-II Immunoglobulin 


Immunoglobulin class typing of YWK-II MAB was performed with the respective specific 
antibodies in a double-diffusion plate (Fig. 3). A distinct precipitin line was obtained with 
antimouse IgM but not with anti-IgG or anti-IgA. The subclass specificity of YWK-II IgM 
was determined by the use of the peroxidase-linked immunosorbent assay with ABTS-H,0, as 
substrate (Table 1). Positive reactions were obtained with anti-y (heavy chain) and anti-« (light 
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FIGURE 2 Immunolocalization of YWK-II in human sperm. Sperm was incubated with YWK-II 
ascitic fluid (diluted 1:100) and subsequently with FITC-conjugated IgG fraction of goat antimouse 
Ig (diluted 1:100). Note staining over the equatorial region of the head, midpiece and tail. x 800. 


TABLE 1 Determination of Subclass of YWK-II Monoclonal Antibody? 





Rabbit Antimouse 





Chain Type Immunoglobulins (Subclass) Subclass Specificity Reaction 
Heavy IgA (Fc) | o 

Heavy IgG, Yı — 
Heavy IgGp, Yaa -— 
Heavy IgG% Y2b = 
Heavy IgG; Y3 — 
Heavy IgM (Fc) H + 
Light kappa K + 
Light lambda A — 





+ = positive reaction determined by ELISA, — = no reaction. 
“Determined by enzyme-linked immunosorbent assay, as described in Materials and Methods. 
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FIGURE 3 Double diffusion analysis of purified MAB obtained from the culture medium of 
YWK-H cells on an Ouchterlony plate. The center well contains 20 ul of purified YWK-II immu- 
noglobulin solution. The peripheral wells contain 20 „l each of the following antisera: (1) goat 
antimouse IgM; (2) goat antimouse IgM; diluted 1:10 (3) goat antimouse IgG; (4) goat antimouse 
IgG, diluted 1:10; (5) goat antimouse IgA; (6) goat antimouse IgA, diluted 1:10. 


chain). It can be concluded that the YWK-II immunoglobulin belongs to the IgM class and is 
comprised of u heavy chains and « light chains. 


Purification and Identification of YWK-II Antigen 


The sperm antigen interacting with YWK-IT MAB was purified by immunoaffinity chroma- 
tography on Sepharose 4B-conjugated with YWK-II antibodies. The absorbed substance was 
eluted with 3.5 M KI. The purified sperm antigen was analyzed by SDS PAGE (Fig. 4). Two 
bands were separated: one major band with an estimated Mr 72 kD and a minor band of 60 kD. 


Reactivity of YWK-II MAB with Sperm Protein 


The reactivity of YWK-II with the sperm antigen purified by immunoaffinity chromatogra- 
phy was determined by the ELISA method (Fig. 5). The reaction was about 100-fold greater 
with the purified antigen compared with crude Triton X-100 extract of human sperm proteins. 


Influence of YWK-II MAB on Sperm Penetration of Zona-Free Hamster Eggs 


The penetration incidence of hamster eggs by sperm treated with YWK-II ascitic fluid was 
52.2% compared with 95.1% for control sperm treated with SP 2/0 ascitic fluid (Table 2). The 
YWK-H MAB does not induce sperm agglutination under the conditions of the assay. Interfer- 
ence of sperm-egg interaction was observed. p Value was < 0.001 as determined by the X’ test. 
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TABLE 2 Effect of YWK-II Monoclonal Antibody (MAB) on the Penetration of Hamster Egg by Human 





MAB Eggs Examined Ova Penetrated Penetration 

(Type) (No.) (No.) Incidence (%) 
Control, SP 2/0 ascitic fluid dl 39 95.1 
YWK-II ascitic fluid 23 12 5227 





în value < 0.001—compared with control by X? test. 


DISCUSSION 


MABs raised against human sperm proteins have been studied by several investigators [14, 
17, 26, 33]. The YWK-II MAB and MA 5 MAB reported by Isahakia and Alexander [20] 
share common properties. Both MABs localized to the equatorial region of the sperm head and 
interacted with a sperm protein with an estimated Mr of 72 kD. The YWK-II MAB induced 
sperm agglutination and inhibited sperm penetration of zona-free hamster eggs, while the 
reported MA 5 MAB induced sperm immobilization. A MAB inducing sperm immobilization 
was reported by Shigeta et al. [35]. The estimated Mr of the interacting sperm antigen was 15 
kD, suggesting that YWK-II, MA 5, and the sperm-immobilizing MAB are different entities. 


A 





FIGURE 4 SDS PAGE pattern of human sperm membrane protein purified by immunoaffinity 
chromatography. Purification procedure is described in Materials and Methods. Proteins stained 
with silver reagent. Lane A, purified YWK-II sperm membrane; Lane B, crude Triton X-100 
extract of human sperm proteins. 
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FIGURE 5 Reactivity of YWK-II MAB with purified human sperm proteins determined by 
ELISA procedure. (el Sperm antigen purified by immunoaffinity chromatography; (A) Triton X- 
100 extract of human sperm membrane proteins; (dD) bovine serum albumin (control). YWK-II 
ascitic fluid diluted 1:1000, used as the first antibody; alkaline phosphatase-conjugated sheep 
f(ab’), antimouse immunoglobulins diluted 1:500, used as the second antibody. 


Radiolabeled sperm surface proteins were analyzed by SDS PAGE III A 72-76 kD 
component was separated and identified as lactoferrin. Lactoferrin is a spermatozoa-coating 
glycoprotein with a Mr in the range of 76-81kD [2, 16]. Antilactoferrin antibodies are capable 
of agglutinating and immobilizing sperm [16]. Lactoferrin and the YWK-II antigen might be 
related proteins. 

The present findings demonstrate that the YWK-II MAB induces sperm agglutination and 
inhibits sperm penetration of eggs. Production of antibodies to YWK-II antigen may be a 
contributing factor in some cases of immunologic infertility. Sera and cervical fluid from 
infertile subjects should be analyzed for YWK-II antibodies. 
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